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Vehicles, such as starch paste, and salt solutions of various types are used
either alone or in combination with other agents in the local therapy of certain
dermatosis. Despite their widespread use and undoubted clinical value there is
little factual knowledge concerning the mechanism of their actions (1).
With the advent of a method which permits the quantiative measurement of
the hyperemic response to local ischemia in the human skin, it has now become
possible to evaluate the effects of various therapeutic agents upon the smallest
cutaneous blood vessels (2). Moreover, the clearing time of this reactive hyper-
emia test has been shown to be related to the rate of blood flow in the fine cu-
taneous blood vessels and thus the ability of any therapeutic agent to enhance
cutaneous blood flow may be indicated (2, 3, 4). The purpose of this paper is
show how certain vehicles and salt solutions affect the small dermal blood vessels
in their capacity to respond with hyperemia and to clear away a standard hyper-
emic response. In so doing, the application of these accepted therapeutic pro-
cedures may be made more rational by the establishment of certain fundamental
principles of their action.
METHODS AND PROCEDURES
The method used in this study for the quantitative measurements of reactive hyperemia
in the skin has been adequately described before (2). Suffice it to say here that the method
depends upon the application of a weighted rubber ring (weight loading 100 gms./sq.cm.)
to the skin of the flexor surface of the forearm. The minimal length of time, expressed in
seconds, required to elicit hyperemie rings of uniform coloration, uniform width and with
discrete edges is noted as the stimulus time or threshold. The length of time required for the
hyperemic rings to fade completely is noted as the clearing time. Subthreshold and super-
threshold reactions occur with stimulation times respectively less or greater than that
necessary to produce the threshold response. For an accurate description of these and
other precautions in doing this test, the reader is referred to former communications (2, 3,
4). However, it is important to take cognizance, at this time, that there is a seasonal
variation in this response. Thus the threshold may be 10 to 15 seconds in midsummer grad-
ually increasing to 60 to 70 seconds in midwinter with corresponding changes in the clearing
time. A seasonal curve obtained on 100 subjects throughout the period of a year is shown
in (Figure II, lower graph). Despite this seasonal variation it was found that the hypere-
mic response remained constant during any particular day, even under conditions of mod-
erate muscular activity, and was independent of time relationships to meals (2). This
permitted observations to be made throughout a four or five hour period as was done in
1This investigation has been aided by a grant from the Josiah Macy, Jr. Foundation.
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this study. When proper precautions are used the usual error in performing the hyperemia
test was estimated to be 3% when performed by a trained observer.
Invariably the experimental agents used in this study, whether pastes or solutions, were
applied in the following manner. A control reading was taken on the subject. A pad of
absorbent cotton large enough to cover the whole of the ventral surface of the forearm was
then either soaked in the solution or smeared liberally with the paste. This was applied
to the inner aspect of the forearm and covered with non-absorbent paper to protect the
clothing. The whole was then wrapped snugly with gauze bandage, but not so tightly
as to occlude the venous return flow in the arm. As a rule the length of time that the agent
was left on was at least two hours. This was because shorter periods of application did not
produce significant effects. When the cotton pad was removed the skin was merely rinsed
with tepid water and dried by blotting rather than rubbing. The hyperemic responses in
the skin were then studied at 30, 60 and 120 minute intervals after removal of the experi-
mental agent.
All subjects except one (see below) in this study were medical students in sound health
and free from skin lesions and allergic symptoms and histories. They included 56 males
and 2 females, all in third decade of life. The total number of determinations was 85.
Besides the distilled water and isotonic saline (0.9%) the other agents used in this study
were made up as follows: Starch paste was made by allowing a suitable quantity of starch
to soak up all the water possible. It was then left standing over night. Acacia solution
was prepared by dissolving 60 grams of powdered gum acacia U.S.P. in 100 cc. of water by
gentle heating over a water bath. The hypertonic saline and hypertonic magnesium sul-
phate solution were made up in 30% concentration.
Aquaphor2 (6% of a group of cholesterol esters in an aliphatic hydrocarbon base) was
also used alone and in combination with the above substances. In the latter experiments
the particular agent used was stirred into an equal volume of aquaphor. This usually
resulted in a creamy white salve of thick consistency which was very convenient to apply.
RESULTS
Controls
In order to make certain that the effects observed were the result of the active
agent used rather than the mere wetting of the skin for the two hour period, ex-
periments were made on distilled water and isotonic saline. In Table I the re-
sults of these experiments are summarized. The maximum average percentage
change observed after the substance was removed from the skin is given for both
the threshold or stimulus time and the clearing time of the hyperemia test. This
maximum deviation from the pre-therapy level usually occurred at about one
hour after the particular substance was removed, thereafter diminishing gradu-
ally over a period of about two hours. It may be seen in Table I that distilled
water decreased the sensitivity of the smallest dermal blood vessels. The
threshold time was increased 5.4 per cent and the clearing time increased 4.4 per
cent indicating a slightly diminished dermal blood flow. Isotonic saline (0.9%)
also did not cause a deviation in the hyperemic responses which exceeded the ex-
perimental error of the method. Therefore, it is obvious that neither distilled
water nor isotonic saline exerted significant effects upon the hyperemic responses
of the small dermal blood vessels as measured in this study. This is in marked
contrast to the results with other agents, as noted below.
2Aquaphor was supplied to us through the courtesy of Dr. Carl J. S. Herzog of Duke
Laboratories, Inc., Stamford, Connecticut.
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Because it was desired to apply certain of the substances in a water-ab-
sorbent vehicle', such as Aquaphor, experiments were made using this base alone
as a control. In Table I it may be seen that Aquaphor alone caused a 15.4 per
cent increase in the sensitivity of the small cutaneous vessels to respond by
reactive hyperemia following local ischemia. The clearing time was correspond-
ingly decreased, indicating a faster cutaneous blood flow. This was also evi-
denced by the brighter arterial-blood hue of the hyperemic rings when they ap-
peared in the course of the test.
Starch and acacia
One well known vehicle and a substance similar to it in certain respects were
tested. These were ordinary household corn starch (paste of equal volumes of
TABLE I
SUBSTANCE NO. IN
AVERAGE % os GREATEST CHARGE
IN THE REACTIVE HYPEREMIA TEST
(os HOUR AFTER THE
REMOVAL OP SUBSTANCE)
Threshold Clearing time
Controls Distilled water
Isotonic saline
Aquaphor
7
6
8
+5.4
—2.2
—15.4
+4.4
—2.7
—11.8
Vehicles Starch and 1120
Acacia and 1120
9
6
—26.1
—26.0
—21.9
—23.8
Salt solutions Hypertonic saline
Hypertonic MgSO4
6
10
—2.8
—9.7
—3.7
—4.4
Effect of combination
with aquaphor
Distilled 1120
Starch
Acacia
Hypertonic saline
Isotonic saline
6
6
6
6
7
—16.2
—16.8
—10.2
—18.5
—17.6
—19.8
—22.3
—16.2
—11.0
—15.1
starch and water) and gum acacia (60%). Both caused a marked increase in the
sensitivity of the small cutaneous blood vessels to local ischemia. Thus both
decreased the threshold or stimulus time 26 per cent and the clearing time about
20 per cent (see Table I). A typical experiment showing the average result of
the application of starch paste is shown in Figure I. One hour after the removal
of the starch the threshold had fallen from the control level of 63 seconds to a
level of 45 seconds with a corresponding decrease in the clearing time from 54
seconds to 47 seconds. Thereafter the threshold and clearing time rose gradu-
ally until three and one-half hours after the removal of the starch paste they had
attained control levels. It is noteworthy that the decline in the threshold did not
begin until sometime after the removal of the starch. This was a constant fea-
ture of these experiments and it was found that the average time required before
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a perceptible drop in the threshold occurred after application of the hydrophilic
vehicle was about thirty minutes. The maximum fall usually took place at
about one hour after removal and recovery was usually achieved by the end of
two hours (Fig. I). Thus the effects of these vehicles upon the small dermal
vessels usually lasted for a period of time roughly equal to the period of applica-
tion of the particular substance.
Hypertonic saline soluLion
To discover if this property of starch paste and acacia of enhancing reactive
hyperemia in the skin was shared by hypertonic saline solutions, similar experi-
ments were performed substituting 30% sodium chloride and 30% magnesium
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Fzo. 1. The diagram shows the extent and duration of the shortening of the stimulus or
threshold time and the clearing time of the reactive hyperemia test which follows the appli-
cation of starch paste to the skin of the forearm. Note that the maximum effects are
observed at about one hour after the removal of the paste. In this subject there was a 29
per cent decrease in the threshold time and a 13 per cent decrease in the clearing time.
See Table I for comparison with other results.
sulphate. By glancing at Table I it will be noted that hypertonic salt solution
caused little deviation in the hyperemic skin responses while hypertonic mag-
nesium sulphate solution caused a decrease of 9.7 per cent in the threshold of the
response. Thus the property of starch and acacia of enhancing reactive hyper-
emia cannot be explained on the basis of the osmotic pressure they exert; for it is
obvious that hypertonic saline solutions which exert a much higher osmotic
pressure than these colloidal substances do not have similar effects.
Effects of combinations with Aquaphor
In an effort to find a convenient means of applying such substances as starch,
acacia and salt solutions to the skin, the effects of combination with Aquaphor
were studied. The results summarized in Table I show that none of the sub-
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stances studied alter the properties of Aquaphor significantly from the control
level of Aquaphor used alone. Thus, as was pointed out above, Aquaphor itself
enhances reactive hyperemia in the skin. The addition of starch or acacia solu-
tions do not further increase this property of Aquaphor nor does the addition of
distilled water, isotonic saline or hypertonic saline in equal volumes depress it.
It is thus apparent that if a maximum increase in sensitivity of the small dermal
vessels to respond by reactive hyperemia is desired, a vehicle such as starch
must be applied alone. On the other hand, if only a moderate effect is desired,
Aquaphor alone will serve and the addition of a hydrophilic agent to it will not
enhance its capacity in this regard.
Application in. a case of lichen planus
A case of lichen ruber planus came to our attention early in this study. It
was decided to follow this patient's hyperemic skin reactions as described in
this study at weekly intervals for at least a period of a year. This seasonal study
plus the effects of the local application of starch paste to the skin lesions have
interesting implications.
CASE HISTORY
S. B., a 24 year old male medical student in sound health, was selected as a subject for a
study of the seasonal variation of reactive hyperemia in the skin early in August, 1940.
He was seen at bi-weekly intervals at this time and his threshold and clearing Lime of the
hyperemia skin test was in every way comparable with the normal for this season of the
year (see Fig. II). In the last week of August he began to complain of a rash and itching
of both wrists and forearms. Upon examination, a violaceous, elevated, discrete, papular
rash was noted, localized largely to the wrists, but with a few patches dispersed along the
inner aspect, of the forearms. The lesions were diagnosed as being those of lichen ruber
planus by members of the Department of Dermatology. Concurrently with the appearance
of the skin lesions his threshold and clearing time of the hyperemia skin test rose to levels
over 200% greater than the average normal for this time of the year (Fig. II).
Systemic therapy consisted of a series of 3 weekly injections of 1 cc. bismuth salicylate
in oil. This did not appear to have any effect upon his lesions. After the skin lesions had
persisted for more than three months he also received a course of X-ray treatment (total
R 2720, at 85 R per dose). This seemed to diminish the skin lesions somewhat but only
for a short period of time. Thus despite therapy with bismuth and X-ray his skin lesions
continued until the month of December. At this time extensive local therapy with starch
paste was begun. This consisted of nightly application of the starch paste by use of a
gauze bandage, as described above. Coincident with this therapy his skin lesions began to
improve and in two weeks time had completely disappeared.
His hyperemic skin tests performed at weekly intervals are interesting in that the
threshold of the response remained elevatedthroughout the period of the lesions; while the
clearing time of the response was much lower, indicating a relatively fast dermal blood flow
(cross-hatched area, Fig. II). Upon recovery from the skin rash the hyperemic skin re-
sponses again resembled in every way the normal seasonal average of 100'subjects (lower
graph Fig. II) and this held true for a period of six months.
Upon reflection and further investigation in this case a possible psychogenic factor
appeared. At the time the lesions began the patient married against his father's wishes.
As a result, the patient was disinherited and suffered severe financial difficulties which pre-
vented payment of his tuition at medical school. His academic work was also very poor
at this time. Just before he recovered from his lichen planus lesions, his financial and
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domestic problems were solved. His marital and financial status have been satisfactory
since, and to date, 18 months after his recovery from lichen planus, he has had no remissions.
The implications of this case of lichen ruber planus to the study of the effects
of starch and similar vehicles upon the skin are obvious. First, from the study
of the seasonal responses of the hyperemia test in this patient as compared to
the normal seasonal curve, it is clear that the sensitivity of the smallest dermal
vessels to local ischemia were greatly decreased during the period of the lesions.
FIG. 2. Top curve: The seasonal curve of a case of Lichen Ruber Planus studied over a
ten months period. Bottom curve: The seasonal curve of 100 normal subjects during the
same period. Note the inversion of the stimulus or threshold time and the clearing time
during the interval in which the skin lesions of lichen planus were present (cross hatched
area). The case of lichen planus also has a higher stimulus time than the average normal
during the period of the lesions. Upon recovery the stimulus time again corresponds well
with the normal curve. See text for full discussion.
At the same time the relatively low clearing times indicate a relatively fast
cutaneous blood flow. Now from the results in this study it is also evident that
the local application of starch or acacia to the skin causes an effect exactly op-
posite to that of the lichen planus lesions, viz., an increase of the sensitivity of
the small dermal blood vessels along with a relatively smaller shortening of the
clearing time (Fig. I and Table I). It would appear rational, therefore, to apply
either starch or acacia solutions in the local therapy of this type of lesion. The
one patient here reported experienced relief of itching and actual regression of
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the rash when he applied the starch paste nightly upon his lesions. A large group
of patients afflicted with similar lesions and receiving analogous therapy are
now being studied extensively, and the results thus far appear to support the
theoretical concept here expressed. However, it is also a certainty that the
local application of hydrophilic pastes cannot cure the disease lichen planus,
which is probably systemic in nature and may be influenced by a psychogenic
mechanism (5). On the other hand starch and similar vehicles may prove useful
in the local therapy of this condition and may be preferably to more cumbersome
or irritating local therapeutic agents, such as coal tar and chrysarobin for
example.
COMMENT
The mechanism of the actions of hydrophilic agents upon the small dermal
blood vessels pointed out in this study needs further explanation. It may be
advanced that the slow evaporation of water from the paste caused a tempera-
ture fall of the skin surface which later resulted in an increase in the sensitivity
of the small cutaneous vessels. To elucidate this, measurements of the actual
surface temperature fall with the application of starch paste were made by
insertion of a thermocouple junction directly oii the skin in the center of the area
under therapy.3 The average fall in the cases studied was 4.5°C. and most of
this fall occurred in the first few minutes of application. However, it was also
possible to demonstrate that an exactly similar surface temperature fall occurred
with the application of distilled water. Since it has also been shown in this
study that distilled water has no effects upon the small dermal blood vessels
the temperature changes noted cannot of themselves have resulted in the increase
in sensitivity of the small dermal vessels noted with starch application.
SUMMARY AND CONCLUSIONS
A method which permitted measurement of the vasodilation response (re-
active hyperemia) which resulted from a standardized period of local ischemia of
the smallest dermal blood vessels in the skin was utilized to study the actions
of hydrophilic substances and saline solutions upon these fine blood vessels.
The threshold or stimulus time of the "hyperemia skin test," was taken as an
index of the sensitivity of the small dermal blood vessels; while the clearing time
of the hyperemic response indicated the relative rate of blood flow in the skin.
Fifty-eight subjects, two females and fifty-six males, were tested. Eighty-
five determinations were made using the following substances: (1) starch paste,
(2) sixty per cent solution of gum acacia, (3) thirty per cent solution of sodium
chloride and (4) thirty per cent solution of magnesium sulphate. The effects
of combination of these substances in equal volumes with Aquaphor was also
tested. Controls consisted of analogous experiments using (1) distilled water,
(2) isotonic saline and (3) Aquaphor. The following conclusions were reached:
A Leeds and Northrup continuous recording potentiometer (Micromax) was used in
these studies. The thermocouple was a 32 gauge iron-constantan junction.
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1. Neither distilled water nor isotonic saline significantly affected the threshold
or clearing time of the reactive hyperemia test.
2. Starch paste and acacia solution caused a marked increase in the sensitivity
of the small dermal blood vessels. This was evidenced by a 26% decrease in
the threshold time and a 20% decrease in the clearing time, the latter indicating
a more rapid dermal blood flow.
3. Hypertonic NaC1 did not alter the hyperemia skin responses, while hyper-
tonic MgSO4 caused a moderate increase in the sensitivity of the small cutaneous
blood vessels.
4. Aquaphor alone also caused a moderate increase in sensitivity of the small
dermal blood vessels (15.4%). However, addition of an equal volume of either
starch, acacia, distilled water, or isotonic in hypertonic saline, did not alter the
capacity of Aquaphor to enhance reactive hyperemia.
In the light of these findings the probable mechanisms of the increased sen-
sitivity of the smaller dermal blood vessels brought about by starch application
is discussed. A case of lichen ruber planus which was followed over a period of
a year with weekly studies of reactive hyperemia in the skin was briefly described
to illustrate the rationale of the local application of starch and similar bases in
the local therapy of this type of lesion.
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